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This document was developed in support of the 2023 Coastal Master Plan being prepared by the

Coastal Protection and Restoration Authority PRA). CPRA was established by the Louisiana

Legislature in response to Hurricanes Katrina and Rita through Act 8 of the First Extraordinary Session

of 2005. Act 8 of the First Extraordinary Session of 2005 expanded the membership, duties, and

responsibilites of CPRA and charged the new authority to develop and implement a comprehensive

coastal protection plan, consisting of a master plan
mandate is to develop, implement, and enforce a comprehensive coaspabtection and restoration

master plan.
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Any use of trade, firm, or product names is for descriptive purposes only and does not imply
endorsement by the U.S. Governmernthe term recommendation used within this port refers to
suggestions and options for improving habitat suitability models based on best available science and
peerreviewed literature. The term is not used to imply management or policy changes.
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EXECUTIVE SUMMARY

Habitat suitability index (HSI) magls were developed for the 2023 Coastal Master Plan to evaluate

the potential effects of coastal restoration and protection projects on habitat for key coastal fish,
shellfish, and wildlife species. These species included: eastern oyster, brown shrimp tevihrimp,

blue crab, crayfish, gulf menhaden, spotted seatrout, largemouth bass, American alligator, gadwall,
mottled duck, brown pelican, seaside sparrow, and bald eagle. Most of these species were included in
the 2017 Coastal Master Plan analyses, andhe HSI models from that effort were refined and

improved following the recommendations described in the technical memorandug23 Coastal

Master Plan Habitat Suitability Index Model Improvement Recommendatio(®able et al., 2019). In
addition to model inprovements, HSI models were created for seaside sparrow and bald eagle, both
of which are new species for the master plan analyses.

For the HSI models that are primarily literatudeased, literature reviews were conducted for recent
studies that could be sed to improve the suitability index (SI) relationships that compose the models.
As a result of this review, modifications were made to the saliniglated Sls of the oyster model
including: expanding the time period used for salinity effects to spawniragjusting the range of

suitable annual average salinity to be more representative of Louisiana populations; and making
oysterds minimum salinity tolerance temperature deper
the oyster HSI model that accountfor the effects of sediment deposition on oysters. The crayfish HSI
model was improved by adjusting the time periods used for the Slis that describe the hydrology
required for the crayfish life cycle, and the soil characteristics Sl that was part of the Z0drayfish

model was removed because soil conditions do not appear to be limiting for crayfish burrow
construction in coastal Louisiana. The other literatudeased HSI models from the 2017 Coastal

Master Plan, i.e., American alligator, gadwall, mottled ckicand brown pelican, were unchanged, with
the exception of a small adjustment made to the suitability of forested wetlands for gadwall. Lastly, a
literature-based HSI model was created for seaside sparrow that consists of Sls related to vegetated
habitat type, marsh vegetation coverage, and marsh elevation.

Statisticatbased HSI models were developed for brown shrimp (both small and large juvenile stages),
white shrimp (small and large juvenile stages), blue crab (juvenile stage), gulf menhaden (jueesild
adult stages), spotted seatrout (juvenile and adult stages), largemouth bass, and bald eagle. The bald
eagle HSI model was developed from a bald eagle nest probability of occurrence model that related
nest occurrence from survey data with land covéype. The resulting model showed that combinations
of forested wetlands, flotant marsh, and open water habitats were most suitable for nesting bald
eagles. The 2023 fish, shrimp, and blue crab HSI models were developed using new approaches for
the formulation of the water quality and structural habitat Sls that compose the models. For the 2017
models, the water quality SI was derived using only generalized linear mixed models (GLMMs) to
estimate the relationship between salinity, water temperature, and speee s 86 cat c h. For the 20
models, however, multiple GLMMs and generalized additive models (GAMMSs) were created for each
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species or life stage. These alternative models were compared and a single model that performed well
statistically and was ecologicallyra s onabl e was sel ected for the species
structural habitat SI was developed using a metanalysis of published literature to estimate the

relative importance of various estuarine habitats to the fish and shellfish species. The resufgshis

analysis were then used to modify the 2017 structural habitat Sl relationship to account for the added

habitat value of submerged aquatic vegetation and oyster reefs, which are also important habitats for

juvenile fish and shellfish. Similar to th 2017 fish, shrimp, and blue crab models, the water quality

and structural habitat Sls were then combined to create the 2023 HSI models.

The 2023 Coastal Master Plan HSI models were integrated with the Integrated Compartment Model

(and are referred to adCMHSIs) and tested using environmental output from the 2017 Coastal

Master Plan Future Without Action scenario. The tests showed that, in general, the models produced
reasonabl e representations of speciesmhtshmadbtot at di st ri
the oyster, crayfish, fish, shrimp, and blue crab HSI models generally yielded more realistic results

compared to the 2017 HSI models.
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1.0 INTRODUCTION

Habitat suitability index (HSI) modeling has a long history in water resource and restoration planning
for predicting the effects of management actions on fisand wildlife habitat (United States Fish and
Wildlife Service [USFWS], 1981). HSI models consist of functions, called suitability indices (SI), that
relate key environmental variables to the quality or suitability of a habitat for a species. These Sés ar
developed using species life history information along with presenabsence or relative abundance
data collected over a range of environmental conditions. The indices are standardized to a 0 to 1 scale
(with 1 representing the most suitable conditionand then combined to produce an HSI score that
represents the capacity of a habitat to support a species. Although HSI models are often criticized
because they only quantify habitat conditions, which may not directly correlate to species abundance
(Weber ¢ al., 2016), they remain a practical and tractable way to assess changes in habitat quality for
species.

Habitat suitability index models have been used
evaluate the potential effects of coastal resti@tion and protection projects on habitat for key coastal
fish, shellfish, and wildlife species. For the 2012 Coastal Master Plan, the HSI models consisted of Slis
developed using published literature and best professional judgement of speciesbitat relationships
(Nyman et al., 2013). For the 2017 Coastal Master Plan, suggested improvements to the HSI models
included using statistical analyses of empirical datasets to estimate the specibabitat relationships
(Rose & Sable, 2013). Such an approach wouldlew for more defensible and rigorous HSI functions

to be developed. Consequently, the brown shrimp, white shrimp, blue crab, gulf menhaden, bay
anchovy, spotted seatrout, and largemouth bass HSI models included water quality Sis that
statistically relatespecies catchper-unit-effort (CPUE) data with corresponding salinity and water
temperature measurements collected by the Louisiana Department of Wildlife and Fisheries (LDWF).
This water quality SI was then combined with a literatubased structural habiat SI, and in some
cases a chlorophyl/ a SlI, to form the HSI mod el
2017 HSI models continued to be literature based because of the lack of suitable datasets from which
statistical relationships couldbe derived. These models were improved and refined by incorporating
new ecological knowledge from the literature. The improved 2017 HSI models were then integrated
with the 2017 Coast al Master Plands | nt e gutiget ed
of the larger model called ICNHSI (but hereafter referred to as just HSI). The IGi&] uses output

from the other ICM subroutines and calculates an annual suitability score for each 500 m x 500 m
vegetation subroutine grid cell (note: a 480 m x 48n grid cell size will be used for HSI calculations in
the 2023 Coastal Master Plan). A complete description of the 2017 models can be found in the 2017
Coastal Master Plan appendices, Attachments @3to C3-19, located at: https://coastal.la.gov/our-
plan/2017 -coastatmaster-plan/.

Recommendations for HSI model improvement were solicited following the 2017 Coastal Master Plan,
and further investigated in the technical memorandum: 2023 Coastal Master Plan Habitat Suitability

2023 COASTAL MASTER PLAN. Habitat Suitability Index Model
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Index Model Improvement Recommeradions (Sable et al., 2019). The final recommendations from
that effort included continuing the improvement and refinement of the literatudeased HSI models by
incorporating new ecological knowledge from recent literature. For the fish, shrimp, and blugbcHSI
models, a metaanalysis approach was proposed that would improve the structural habitat SI by using
empirical data from published studies to estimate the relative importance of aquatic habitats to each
species. In addition, a new modeling approaclias recommended for selecting the best and most
appropriate statistical models to use for the 2023 water quality Sls. Methods to detect and resolve
statistical issues and improve model fit were also proposed for the water quality Sl analyses. The
recommendations also included an updated list of species to be included in the master plan analyses
(Table 1). The species selected cover a range of taxonomic groups, life histories, trophic levels, and
habitats, and include two new species, seaside sparrow and Hatagle.

The purpose of this report is to document the methods used to refine, improve, and develop the HSI
models for the 2023 Coastal Master Plan, following the recommendations detailed in Sable et al.
(2019). The HSI models are categorized herein #sose that are primarily literaturebased, including
eastern oyster, crayfish, American alligator, gadwall, mottled duck, brown pelican, and seaside
sparrow, and those that are primarily statisticddased, including brown shrimp, white shrimp, blue
crab, qulf menhaden, spotted seatrout, largemouth bass, and bald eagle. For the fnesting
literature-based HSI models, this report focuses on changes made to the previous version of the
models and the rationale for the changes. For the other HSI models, iseaside sparrow, bald eagle,
and the fishes, shrimps, and blue crab, the methods used in model development are summarized in
the main body of this report with further detail provided as attachment$he full HSI model foall
speciesexcept fish, shrimp, ad crab are described here, and all models aravailable at:
https://github.com/CPRAMP/.

Table 1. Species included in the 2023 Coastal Master Plan HSI analyses, their
ecological or economic significance, and the source of the HSI model used for the
model improvement effort. X = separate HSI models for the small and large

juvenile life stages were developed. y = separate HSI models for juvenile and

adult life stages were developed.

SPECIES SPECIES SIGNIFICANCE MODEL SOURC

1 ESTUARINE, SEDENTARYANKTIVOROUS
EASTER OYSTER MOLLUSK 2012 COASTAL
(CRASSOSTREA VIRGINICJ § PROVIDES VALUABLEGYSTEM SERVICES MASTER PLAN
1 SUPPORTS IMPORTANOMMERCIAL FISHERIE(

BROWN SHRIME

1 BENTHIC CRUSTACEAMAT USES ESTUARIES | 017 COASTAL
(FARFANTEPENAEUS JUVENILE NURSERY HB&ST MASTER PLAN
AZTECUPS 1 SUPPORTS IMPORTANOMMERCIAL FISHERIE]
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SPECIES

SPECIES SIGNIFICANCE

MODEL SOURC

WHITE SHRIME
(LITOPENAEUS SETIFERU

1

BENTHIC CRUSTACEAMAT USES ESTUARIES
JUVENILE NURSERY HAST
SUPPORTS IMPORTANIMMERCIAL FISHERIES

2017 COASTAL
MASTER PLAN

BLUE CRAB
(CALLINECTES SAPIDUS

BENTHIC CRUSTACEADIUND IN ESTUARINE
HABITATS THROUGHQWAOST OF ITS LIFE @EC
SUPPORTS IMPORTANOMMERCIAL FISHERIES

2017 COASTAL
MASTER PLAN

CRAYFISH
(PROCAMBARUS CLARKII
AND P.ZONANGULUS

BENTHIC CRUSTACEARIRRARILY ASSOCIATED
WITH FRESHWATER HABTS
SUPPORTS IMPORTANIMMERCIAL FISHERIES

2017 COASTAL
MASTER PLAN

GULF MENHADEK
(BREVOORTIA PATRONUS

PLANKTIVOROUS FISHAIT USEESTUARIES AS
JUVENILE NURSERY HAST
SUPPORTS IMPORTANIMMERCIAL FISHERIES

2017 COASTAL
MASTER PLAN

SPOTTED SEATROUT
(CYNOSCION NEBULOSUS

PREDATORY FISH FOUNCESTUARINE HABI3\
THROUGHOUT MOST 056 LIFE CYCLE

2017 COASTAL
MASTER PLAN

OCCIDENTAL)S

NEED

1 POPULAR RECREATIONMAHERY SPECIES
LARGEMOUTH BASS 1 PREDATORY FISH PRRIAY ASSOCIATED WITH 2017 COASTAL
(MICROPTERUS FRESHWATER HABITATS MASTER PLAN
SALMOIDE}P 1 POPULAR RECREATIONMHERY SPECIES
AMERICAN ALLIGATOR 1 UPPER TROPHIC LEVEPTILE PRIMARILY 2017 COASTAL
(ALLIGATOR ASSOCIATED WITH FREEFATER HABITATS MASTER PLAN
MISSESIPPIENSIS 1 COMMERCIALENARVESED SPECIES
GADWALL 1T MIGRATORY WATERFOWHAT USES ESTUARIE 2017 COASTAL
(ANAS STREPERA AS WINTERING HABIT MASTER PLAN
1 POPULAR RECREATIONAHUNTED SPECIES
1T WATERFOWL THAT ISARROUND RESIDENT Ol
MOTTLED DUCK ESTUARIES 2017 COASTAL
(ANAS FULVIGUDA 1 STATHDENTIFIED SRHES OF CONSERVATION| MASTER PLAN
NEED
1 UPPER TROPHIC LEMEDASTAL SEABIRD THA
(BPRECI)_\I/EV(':\IAPN?JLSICAN NESTS PRIMARILY ORASTAL ISLANDS 2017 COASTAL
1 STATHDENTIFIED SRHES OF CONSERVATION| MASTER PLAN
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SPECIES SPECIES SIGNIFICANCE MODEL SOURC
SEASIDE SPARROW q :ig?;grL;ND RESIDENOF VEGETATED MARSH
(AMMOSPIZA MARITIMA | o o1\ TEDENTIFIED SREES OF CONSERVATION| NEW MODEL
FISHER)

NEED
BALD EAGLE T PRIMARILY IN WOODBERESHWATLR HABITAT
(HALIAEETUS. L STATEDENTIFIED SREES OF CONSRVATION | £V MODEL
LEUCOCEPHALYS T N,
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2.0 LITERATURE-BASED MOD ELS

The literaturebased HSI models for the 2023 Coastal Master Plan include those for eastern oyster,
crayfish, American alligator, gadwall, mottled duck, brown pelican, and seaside sparrow. Except for
seasidesparrow, HSI models for these species were also included in the 2017 Coastal Master Plan.
To improve the 2017 models, literature reviews were conducted for recent research on these species
that could be used to refine the existing Sls or develop new SleeTreview particularly focused on
locating research pertaining to the areas of potential model improvement identified by the 2017 HSI
model developers. The model developers, and other subject matter experts, were consulted to provide
guidance on relevant @esearch and input on possible model changes.

2.1 EASTERN OYSTER

The existing eastern oyster HSI model had not been updated since its development for the 2012
Coastal Master Plan (Soniat, 2012; Master Plan Appendix D13 located laitps://coastal.la.gov/our -
plan/2012 coastatmasterplan/cmp-appendices/). Since then, much research has been conducted on
the effects of environmental variables, such as salinity and temperaturen oyster populations. This
research was used to modify the three salindyased Sls in the oyster HSI model. In the previous
model, the O6Mean salinity during the spawning season/(
through September (Soniat, 2012). Thiime period is considered too narrow and misses significant
reproduction by oysters based on field data collected over the past decade (Casas et al., 2015).
Furthermore, LDWF monitoring data show that spat recruitment remains high and actually peaks in
Nowember (Dr. Megan La Peyré)SGSwritten communication, 4/17/2019). Consequently, for the

2023 oyster HSI model, the time period used for this Sl was expanded to April through November. The
suitability relationship used for the index, though, was unchanged

Thed Mi ni mu m mo n 8liwhigh takea ihtd atdountythie effects of freshwater inflow eventm
oysters consisted of a single relationship covering the entire year in the previous model (Sgniat
2012). However, the tolerance of oysters tthe inflow events isdependent on water temperature
Laboratory experiments and field studies have shown that oysters can survive several months in
salinities less than 3 parts per thousand (ppt) at low water temperatures (<25°C), whereas during
warmer periods bw salinities negatively impact spawning, recruitment, growth, and survi{lah Peye
et al.,, 2013; Rybovich et al.2016; Lowe et al, 2017). Denapolis (2018)used two minimum salinity
relationshipsin a modified HSI model to account for this temperatusgalinity interaction, one for cool
months (October through March) and one for warm mths (April through September)These
relationships were incorporated intdhe 2023 HSI modelwith slight modifications that increased
suitability at 5 ppt in accordancewith the aforementioned research showing oyster survivability at low
salinities; and increased optimal salinitiefrom a peak at 8 pptto a range from 8 to 10 pptbecause
there are no data to support maximum survival at 8 ppt

2023 COASTAL MASTER PLAN. Habitat Suitability Index Model
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The relationship used forthes | o6 Mean annual salinitydé was modi fied t
suitable for oysters in Louisiana. The previous relationship gave relatively high suitabilitesalinities

above 20 ppt (Soniat, 2012). This may reflect suitable conditions for oysteetsewhere in the Gulf of

Mexico or alang the Atlantic Coast but does rtaaccurately reflect conditions in Louisianastuaries,

where high rates of mortality from predation and disease occur at salinities greater than-26 ppt

(Lowe et al., 2017) Therefae, suitabilities were reduced at mean annual salinities greater than 15

ppt, and suitability was set to 0.0 at salinities above 25 ppt.

In addition to the modifications to existing Sls, several new Sls were considered fatugion in the

2023 oyster K51 model. A suitability index for water temperature was explored because G4s
considered a threshold for oyster feeding and mortalitizg Peyre et al., 2013 Rybovich et al., 2016).
However, this was determined to be unnecessary because water temperasigreater than 32°Cdo

not occuroften,andt he o mi ni mum mont hly salinitydéd relationships
mechanisms that affect oysters at summer temperatures. Suitability indices for dissolved oxygen and
bottom type were also considerg but not included because thdCMdoes not provide suitable output
for these parameters. An Sl describing the effects of sediment deposition on oystersiduded in the
2023 HSI model. This Sl was added because high levelssefliment depositionover time (>40-60

mm per year)can interfere with metabolic processes, bury oyster beds, amdsult in oyster mortality
(Colden & Lipcius, 2015. The new Sl included in the HSI model is appropriate for larger oyster life
stages. Oyster spat, by comparison, arede tolerant of sedimentation, particularly during settlement
(Thomsen & McGlatthery, 2006), but there vgaa lack of data with which to determing@recise

tolerance levels.The resulting 2023 oyster HSI model igsed to calculatethe annual habitat

suitability score of each model cell for possettlement life stages of eastern oyster in coastal
Louisiana. The model equation ig4SI= (Skx Sk x Sk x Sk x Sk x Sk)¥6.

Sh = Percent of cell covered by cultch Y This Sliremainsin the model to allowfor assessments of
impacts to current oyster grounds. For the 2028oastalMaster Plan analysesSh will be set to 1.0to
provide estimates of future oyster habitat suitability independent of current cultch conditions.

Sh=0.04*Vi,whenM O 10 %
(0.02*V1) + 0.2, when 10<\{O 30
(0.01*V1) + 0.5, when 30 <O 50

02 1.0, when \{ > 50

Suitability
o
i

o] 10 20 30 40 50 60 70 80 90 100
Percent cover of cultch

Figure 1. Suitability relationship for oyster Sl 1, percent cultch.
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Sk = Mean salinity during the spawning season, April througdovember (¥):

Sk = 0.0, when \é <5 ppt

0.8 - (0.06*V2)30 . 3, why&tt0 5 O V
06 (0.07*V2)80 . 4, whe9l510 O V

%04_ (0.1167*V2)81 . 1, whe91815 O

@ 1.0, wheq2218 O V

27 (0.0875*V2) + 2. 925 ,,<80hen

°c & 10 1 20 25 830 @ 40 (0.04Vz) + 1.5, 2wBen 30

Mean Salinity (ppt), Apr through Nov (-0.02*V2) + 0.8, >wHOe n 35

Figure 2. Suitability relationship for oyster Sl
season.

2, mean salinity during spawning

Sk = Minimum monthly mean salinity (3). Two relationshipsare used one for cool months, October

through Mairch, and one for warm months, April through September. The Sl is derived by calculating

the suitability of the lowest monthly mean salinity for each of the two time periods using the
relationships described below; then the overall S| @alculated wsing the equation: S = (Sk cool x Si
warmj/2,

0.8 A S P
Skcoo=0.0,whenNO adr O 20 ppt
z %8 (0.1429*V3) 8 0.1429, when 1 < \< 8
£ o4 1.0, when 80Vs < 10
7o (0.16*Vs) + 2.6, swhin 10
. . . . . (0.04*vg) + 0.8, swB®en 15
0 5 10 15 20 25
Minimum Monthly Salinity (ppt), Oct through Mar
.
o8 B Skwarm=0.0,whenNO 2 or O 20 ppt
s (0.1668*V3) 8 0.33, when 2 < \4< 8
z 1.0, when 80V; < 10
S 04 (0.16*Vs) + 2.6, swh%n 10
0.2 (0.04*vs) + 0.8, swB®en 15
0

5 10 15 20 25
Minimum Monthly Salinity (ppt), Apr through Sep

o

Figure 3. Suitability relationship for oyster Sl
cool months and B) warm months.

3, minimum monthly salinity, for A)
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Sl = Mean annual salinity (¥):

08 Sk=0.0,whenM< 5 or O 25 ppt

_ o8 (0.2*V4)81. 0, whs0 5 O V

3 os 1.0, whe#9l510 O V

@ (0.16*V4) + 3. 4, swBOen 15 O V
oz (0.04*Vs) + 1.0, swB%en 20 O V
° 0 5 1IO 1I5 2IO 2I5 SIO 3I5 4IO

Mean Annual Salinity (ppt)
Figure 4. Suitability relationship for oyster Sl 4, mean annual salinity.

Sk = Percent of cell covered by land §Y. This Sl is included to restrict the oyster HSI output toodel
cells that are primarily open watehabitat (Soniat, 2012).

1
0.8 { Sk = (-0.01*Vs) + 1.0
056 -

0.4 A

Suitability

0.2 1

0 T T T T T T T T T "
0 10 20 30 40 50 60 70 80 90 100
Percent Land

Figure 5. Suitabilit y relationship for oyster Sl 5, percent land.

Sk = Cumulative sediment deposition ). The annual amount of sediment deposition for the open
water parts of a cell is calculated by summing mean monthly sedimesgposition, then the Sl is
derived using tte suitability relationship described below.
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1

o8 Sk = 1.0, when \& < 35 mm
=081 (02*Ve) + 8.0, owMEN 35
,‘2“04- 0.0,whenM O 40
” 02 4
0 T T T T T T T } 1
0 5 10 15 20 25 30 35 40 45

Cumulative Sediment Deposition (mm)

Figure 6. Suitability relationship for oyster Sl 6, sediment deposition.

2.2 CRAYFISH

Recommended impovements to the 2017 crayfish HSI model included making adjustments to the
time periods used for thetwo Slisthat describethe hydrology required for the crayfish life cycle
(Romaire, 2017) One Sl described suitable water depths for the higtater season,which was
defined as October through June; and the other described suitable water depths for the-leater
season, which was defined as July through September. The time periods used for these seasons,
however, did not accurately reflect the patterns of g and low watersobserved in the 2017 ICM
simulations. In particular, the July through September time period often coincided with peak water
levels in many swamp areas and only captured the beginningveéter level recessionEigure7).
Therefore,for the 2023 crayfish HSI model, the time period for thew-water seasonwas changed to
August through November, and the time period for the higtater season was changed to December
through July.These periods of wetland flooding and ging are consistent with that seen for the
Atchafalaya Basin swamp, which supports large populations of crayfish (Hupp et al., 2008; Bonvillain,
2012).

2023 COASTAL MASTER PLAN. Habitat Suitability Index Model
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Maurepas Swamp

& o
Atchafalaya Swamp <

Tes X

Barataria Swamp

I RE R :H\WJ.JU

Figure 7. Daily water surface elevations for year 4 of the 2017 Coastal Mast er
Plan ICM simulation for select swamp model compartments. The blue box
indicates the time period used for the low -water season suitability index of the
201 7 crayfish HSI model.

The 2017 crayfish HSI model also included @l related to the soil characteistics required for crayfish
burrow construction. This index, which was based on the percentage of sand in the soil, did not help
differentiate crayfish habitat because sand content simulated by the ICM was almost always optimal.
As an alternative, Romaé (2017) suggested an index based on the soil classification system used in
the United States Department of Agriculture Soil Surveys published for each Louisiana parish. The soil
classes for each coastal parish were evaluated for sand content and other giige unfavorable soil
characteristics for crayfish burrowing, such as permeability or available water capacity (a measure of

t he s oi | tdbkolduwatg).Sails witly a high percentage of sand (>50% by weight), rapid
permeability (>6.0 inches per hot), and low available water capacity (<0.10 inch per inch) were found
on barrier islands, cheniers, fastlands, and in marshes near the Gulf. These areas are either outside
the ICM domain or would not be considered suitable crayfish habitat due to high siiés or

unfavorable hydrology (i.e. they do ndlood regularly). Otherwise, it appears that the soils present in
Louisianad6s coastal wetlands are highly suitable for
2023 crayfish HSI model doesot include a soil Sl.

Except for theg changes, the 2023crayfish HSI model is the same as the 2017 model. The model is
used to calculate the annuahabitat suitability score of each model cell for alife stages of crayfish.
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Themodel equation is:HSI = (S X Sk pec through )6 X (SB)Y3 X (Sh aug through Noy3 . Similar to the 2017
model, the HSI model is comprised of three component indices that describe suitable water conditions
(Skand Sk), vegetated habitat types (S), and conditions needed foreproduction (S4).

Sh = Mean annual salinity (V):

o8 Sh=1,whenMO 1.5 ppt
z 06 1.5 8 (0.333*V1),when1.5<\O 3. 0
£ o4 1.0 8 (0.167*V1)when3.0<M O 6. 0

05 0.0, when M > 6.0

o] T T T T
(0] 1 2 3 4 5 6
Mean Annual Salinity (ppt)
Figure 8. Suitability relationship for crayfish Sl 1, mean annual salinity.

Sk = Mean water depth from December througBuly (¥):

1 A

0.8 4
Sk =0.0, when\¢ =0 or > 274 cm

. 0.02174*V 2, when 0 <O 4 6
2 0% 1.0,when46 <\ 0O 91

02 1 1.5 8 (0.00547*V 2), when 91 <O 27 4

¢ 0 23 46 61 76 91 137 183 229 274
Mean Water Depth (cm), Dec through Jul
Figure 9. Suitability relationship for crayfish Sl 2, water depth December to July.

Sk = Proportion of cell covered by habitat types {\

Sk =[(1.0 X \4a) + (0.85 x \4p) + (0.75 X \&c) + (0.6 X \da) + (0.2 X \de) + (0.0 X \&r) + (0.0 x \4g)]
Where: \a = the proportion of a model cell that is swampr bottomland hardwood

V3p = the proportion of a model cell that is fresh marsh

Ve = the proportion of a model cell that is open water

Va4 = the proportion of a model cell that is intermediate marsh

Vze = the proportion of a model cell that is brackish marsh

Vat = the proportion of a model cell that is saline marsh

Vag = the proportion of a model cell that is bare ground

2023 COASTAL MASTER PLAN. Habitat Suitability Index Model
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Sk = Mean water depth from August through November 4V

e Sk = 0.0, when Vi > 15 cm
z 06 1.0 8 (0.06667*V 4), when MO 15
£ 04 1.0,whenM =0
0.2
0 v
0] 5 10 15
Mean Water Depth (cm), Aug through Nov
Figure 10. Suitability relationship for crayfish SlI 4, water depth August to
November .

2.3 AMERICAN ALLIGATOR

A review of recent research did not yield any new information that could be used to improve the 2017
alligator HSI modelConsideat i on was given to modifyingbythe o0Salini-
increasingsuitability of saline habitats, based on a recent study by Nifong and Silliman (2017) that

showedfrequent utilization of such habitats in Georgia. Howevemhe previous HSI rodel was

developedto considerwhether the entire alligator life cycle could be supported by a habitat; and

although alligators may periodically utilize saline habitats, they usually have lower body condition and

are unable to successfullyeproduce in these habitats (Dr. Hardin Waddle, USGS, written

communication, 2/18/2020) . Ther ef ore, the o0Salinitnged,andnd OHabit at
the 2023 alligator HSI model is the same as the 2017 model (Waddl2017). The model is used to

calculate the annual habitat suitability score of a model cell for alligator in coastal Louisiana, and

takes into account factors important for nesting, foraging, physiology, and predator avoidance. The

model equation is:HSI= (Sk x Sk x Sk x Sk x Sk)15.
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Sh = Percent of cell that is open water

1 4

0.8 | Sh = ((4.5*V1)/100) + 0.1, when V1 < 20%
. 06 A 1.0, whe® 20 O V
s ((1.667*V1/100) + 1.667, when Vi > 40
w

02

0 T T T T T T T T T \
0 10 20 30 40 50 60 70 80 90 100
Percent Open Water

Figure 11. Suitability relationship for alligator Sl 1, percent open water.

Sk = Mean annual water depth relative to the marsh surface )/

1 4

08 | Sk=0.1, whenO0. 55 or O 0.25 m
_ 06 (2.25*V2) + 1.3375, when-0.55 < V> < -0.15
% ool 1.0, when \4 =-0.15
3 (-2.25*V2) + 0.6625, when-0.15 <V2<0.25
0.2 4
0 T T T T T \
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4
Mean Annual Water Depth (m), rel to marsh surface
Figure 12. Suitability relationship for alligator Sl 2, water depth relative to marsh
surface.

Sk = Proportion of cell covered by habitat types {)/Habitat types other than swamp, fresh marsh,
intermediate marsh, and brackish marsh are given a suitability score of 0.0.

Sk =[(0.551 x \sa) + (0.713 X \4b) + (1.0 X \éc) + (0.408 X \4a)]

Where: \a = the proportion of a model cell that is swampr bottomland hardwood
Vap = the proportion of a model cell that is fresh marsh
Vac = the proportion of a model cell that is intermediate marsh
Vza = the proportion of a model cell that is brackish marsh

Sk = Edge (M). This Sl is based on output produced from the ICMorphology subroutine, which
scales estimated edge such that the median value has an Sl value of 0.5 and values at thé"90
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percentile and above have a value of 1.0.

o8 Sk =0.05 + (0.95%(V4/22.0), whenO02D V
=z %% 1.0, when 4 > 22
% 0.4
0.2
0 T T T T T T T "
0 4 8 12 16 20 24 28 32

Edge Parameter

Figure 13. Suitability relationship for alligator Sl 4, edge .

Sk = Mean annual salinity (¥):

0.8 - Sk=(0.1*Vs) + 1.0, sQvhleth @WptO V
. 06 0.0, when \4> 10
;§04
w
0.2
0 T g T ]
0] 5 10 15 20

Mean Annual Salinity (ppt)

Figure 14 . Suitability relationship for alligator Sl 5, mean annual salinity.

2.1 GADWALL

One of the recommended improvements to the 2017 gadwall HSI model was to incorporate more data

and research on gadwall use of forested wetlands (Leberg, 2017a). Becausf a lack of empirical

data, the 2017 model assumed a suitability score of 0.25 for both swamp forests and bottomland

hardwood forests. However, recent field surveys conducted by Hucks (2017) found that gadwall rarely

used forested wetland habitats. Thefore, for the 2023 gadwall HSI model, the suitability score for

swamp forests and bottomland hardwood forests in the
0.25 to 0.05 based on the recommendation of the 2017 HSI model developer (Dr. Paul Leberg,

University of Louisiana at Lafayette, oral communication, 3/2/2020). Otherwise, the 2023 gadwall HSI

model is the same as the 2017 model (Leberg, 2017a). The model is used to calculate the annual

habitat suitability score of a model cell for gadwall wintexj in coastal Louisiana from October through
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April. The model equation isHSI= (Sk x Sk x Sk)¥3.

Sh = Proportion of cell covered by habitat types and associated open water)(When there is no
emergent vegetation in a cell, the cell should be agged to one of following habitat types based on
average annual salinityfresh marsh <1.5 ppt; intermediate marste> 1.5 to < 4.5 ppt; brackish marsh

> 4.5 to < 9.5 ppt; and saline marsh> 9.5 ppt.

Sh =[(0.68 x Ma) + (1.0 x \Mb) + (0.5 X \c) + (0.09 xVig) + (0.05 x Me) + (0.0 x \r)]
Where: \{a = the proportion of a model cell that is fresh attached or fresh floating marsh
Vib = the proportion of a model cell that is intermediate marsh
Vic = the proportion of a model cell that is brackish marsh
Vid = the proportion of a model cell that is saline marsh
Vie = the proportion of a model cell that is swamp or bottomland hardwood
Vit = the proportion of a model cell that is nomvetland habitat

Sk = Proportion of cell with submerged aquatic vegetation (SAV)):

o
@

Sk = 0.08, when \4 <0.30
(2.3*V2)30. 61, whexx0m. 30 O V

1.0,whensO0 . 70

Suitability
o o
A (o)

©
N

0O 01 02 03 04 05 06 0.7 08 09 1.00
Proportion of cell with SAV

Figure 15. Suitability relationship for gadwall Sl 2, percent SAV.

Sk = Mean water depths from October through Aprild/This Sl is derived by calculating the mean
water depth for each 38meter pixel of a model cell, estimating the proportion diie model cell
covered by each depth categorthen plugging these estimates into the following equation:

Sk = [(0.05*V 3a) + (0.15*Vsb) + (0.35*Vsc) + (0.60*Vad) + (0.83*Vse) + (1.0*Vsf) + (0.86*Vag) +
(0.61*V3h) + (0.37*Vsi) + (0.20*V3j) + (0.10%Vsk) + (0.05*Val)]

Where:a= t he proportion of cell with mean water depth
Vab= t he proportion of <cell with mean water depth
Vae= t he proportion of cell with mean water depth
Vaa= t he proportion of cell with mean water depth
Vze=thepropa t i on of <cell with mean water depth >18 t
Vasi= t he proportion of cell with mean water depth
Vag= t he proportion of cell with mean water depth
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Vahn= t he proportion of cell with mean water depth

Vs = the proporticn of cel | with mean water depth >36 to O
Vsij= t he proportion of cell with mean water depth
Vek= t he proportion of cell with mean water depth
Vaai= the proportion of cell with mean water depth

2.2 MOTTLED DUCK

Areviewof recent research and literaturedid not yield any information that could be used to improve
or modify the2017 mottled duck HSImodel. Therefore, the 2023 mottled duck HSI model is the same
as the 2017 model (Leberg2017b). The model is used to calcula the annualhabitat suitability

score of a model cell fopostfledglingjuvenile and adult mottled duck in coastal LouisiandNesting
habitat is not considered by the model because nesting occurs in naetland habitats that are not
simulated by the ICMThe model equation isHSI= (Shk x Sk x Skx Sh)¥4.

Sh = Proportion of cell covered by habitat types and associated open watet)(When there is no
emergent vegetation in a cell, the cell should be assigned to one of following habitat types lthea
average annual salinityfresh marsh <1.5 ppt; intermediate marst» 1.5 to < 4.5 ppt; brackish marsh
> 4.5 to < 9.5 ppt; and saline marsh> 9.5 ppt.

Sh =[(1.0 X Ma) + (0.67 X Mb) + (0.55 X Mc) + (0.23 X Md) + (0.0 X Me) + (0.0 X \ir)]
Where: \{a = the proportion of a model cell that is fresh attached or fresh floating marsh
Vip = the proportion of a model cell that is intermediate marsh
Vic = the proportion of a model cell that is brackish marsh
Via = the proportion of a model cell that is safie marsh
Vie = the proportion of a model cell that is swamp or bottomland hardwood
Vi = the proportion of a model cell that is nomvetland habitat

Sk = Proportion of cell that is emergent marsh 6¥

1 4

081 Sk = (2.81%V2) + 0.1, when \ <0.32
L 06 1.0,when032 DOV 70
8 o | (3.0*V2) + 3.1, when \¥ >0.70
” 0.2 4

0O 01 02 03 04 05 06 07 08 09 1.0
Proportion of cell that is marsh

Figure 16. Suitability relationship for mottled duck SI 2, percent marsh.
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Sk = Mean annual water depthThis Sl is derived by calculating the mean water depth for each-30
meter pixelof a model cell, estimating the proportion ahe model cell covered by each depth
category, then plugging these estimates into the following equation:

Sk = [(0.6*V3a) + (1.0*Vap) + (0.83*Vac) + (0.57*Vaq) + (0.35*Vae) + (0.22*Va1) + (0.09*Va) +
(0.0*V3n)]

Where:da= t he proportion of cell with mean water depth
Vab= t he proportion of cell with mean water depth
Vee= the proportion of cell with mean water depth
Vaa= t he proportion of cell with mean water depth
Veze=the proportion of cell with mean water depth >
Vasi= the proportion of cell with mean water depth
Vag= t he proportion of cell with mean water depth

Van = the proportion of cell with mean water depth >56

Sk = Mean salinity during brood rearing, April through July:

SL=1.0,whenMO 9 ppt
o8 (0.11*V4) + 1.98, when 9< MO 1 8
z 0.0, when 4 >18
§ 0.4
»
0.2
0 2 4 6 8 10 12 14 16 18
Mean Salinity (ppt), Apr through Jul
Figure 17. Suitability relationship for mottled duck SI 4, mean salinity April to
July .

2.3 BROWN PELI CAN

Themost relevant recent research on brown pelican nesting habitat requirements was from the
RESTORE Act, Center of Excelleficeded project: Assessment of coastal island restoration practices
for the creation of brown pelican nesting habitahttps://thewaterinstitute.org/la -coe/funded-
research). Thisproject assessed the effects of various environmental, ecological, and island

geomorphological factors on the nesting successofpadims on Loui si anReguls barri er

suggest that island elevatioris an important factor in pelican nesting succeséDr. Paul Leberg,
University of Louisiana at Lafayette, oral communication, 3/2/2020)In addition,results from the
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projectcouldle used to refine the ODiistlamdes 6t €1t hd&dnhairnd luaad
and analysesfrom the projectwere not available in time to make model improvements for the 2023

Coastal Master Plan; therefore, these improvements should be considér®r the next master plan

modeling effort. he 2023 brown pelican HSimodel is the same as the 2017 model (Leberg2017c).

The model is used tacalculate the annualhabitat suitability score of a model ell for nesting brown

pelican. The modekquation is HSI = (Sl x Sk x Skx Sk xSk xSk)/6 .

Sh = Area of island including the cell of interest (¥ This Sl only considers small islands to be suitable
for nesting pelicans. Small islands are defined asontiguousmodel cells comprising a land massdss
than 200 hectares in area that issurrounded by cells that are 100% open water.

1 4

081 Sh = 0.0, when M < 25 or >200 ha
z 961 1.0, whe® 28300 V
£ 0.4 10 8 (0.05*V1), when 180<M O 200

0.2 1

0 T T T T T T T T ' T 1
0 20 40 60 80 100 120 140 160 180 200 220 240
Island Area (ha)

Figure 18. Suitability relationship for brown pe lican Sl 1, island area.

Sk = Distance to the mainland or large island &Y. This Slis the minimum distance from the center of
the contiguous cells comprising a small island, including the focal cell, to the center of any cell con-
taining land that doesnot meet the definition of a small island as described for SI

1 4

0.8 - Sk = 0.0, when \6<1.0 km
o6 (0.5*v2)60 . 5, wher30L.0 O V
£ 1.0,whenMO 3. 0
.-‘-3" 0.4
0.2
0 f T T T Y
0 1 2 3 4 5
Distance (km) to mainland or large islands
Figure 19. Suitability relationship for brown pelican Sl 2, distance to mainland.
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Sk = Proportion of cell with black mangroveAvicennia germinans and/or marsh elder, lva frutescens

(\5):

-
:

0.8 Sk=0.2, when\4{=0.0
_ 06 (1.6%V3) + 0.2, when 0.0< \§ <0.5
= 1.0,whenO 0. 5
= 0.4
0.2
0

0O 01 02 03 04 05 06 07 08 09 1.0
Proportion of cell with mangrove and/or marsh elder

Figure 20. Suitability relationship for brown pelican SI3, percent mangrove
and/or marsh elder.

Sk = Distance to human ativity (M). This Sl is the minimum distance fronthe edge of a human
activity area to the edge of the contiguous cells forming the island containing tfoeal cell

08 Sk = 0.0, when M4 <0.1 km
(333*V4)30. 33, whe<0.40 .
z0° 1.0,whenViO 0. 4
% 0.4
0.2
0

0O 01 02 03 04 05 06 07 08 09 1.0
Distance (km) to human activity

Figure 21. Suitability relationship for brown pelican Sl 4, distance to human
activity.
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Sk = Mean gulf menhaden HSI score §Y. This Sl is the mean menhaden HSI score of cells within a 20
km radius of a cell where S1>0.0.

0.8 1 Sk = 1.667*V s, when \4 <0.60
. 06 1.0,when¥O 0. 60
;‘%04-
w
0.2 1
0 T T T T 1
0 0.2 0.4 0.6 0.8 1.0

Average Menhaden HSI Value

Figure 22. Suitability relationship for brown pelican Sl 5, menhaden HSI score.

Sk = Dominant habitat type in cellSaline marsh receives a score of 1.0, whereas other habitat types
receive a score of 0.0.

2.4 SEASIDE S PARROW

Seaside sparrow was included in the 2023 Coastal Master Plan HSI analyses to increase the diversity
of bird species and bird habitats represented. Furthermore, because it is a marsh dependent species,
seaside sparrow will likely be sensitive to futa marsh loss due to erosion and sea level rise (National
Audubon Society, 2014). To evaluate the effects of future landscape changes on seaside sparrow, an
HSI model was developed usingublished literature to identify important environmental variables ah
formulate Sls describing the effed of these variables orsparrow habitat utilization.Model

development focused orincorporatingvariables for which the ICM could supply input data. Further
information of seaside sparrow life history, the model develogent process, and the Slis included in

the model can be found inAttachment1.

The resulting HSI model for seaside sparrow includes threksShabitat type, emergentiegetation
coverage, and marsh elevation. Habitat type is included in the model becausaside sparrow
abundancehas been shown to vary among emergent marsh types in lisiana and elsewhere along
the northern Gulf of Mexico Emergent vegetation coverage is included because dense vegetation
reduces the risk of predation on sparrow nests. Siraily, marsh elevation is included because nests
built in higher elevation marshes are less prone to loss from floodiribherefore the HSI model is most
applicable for calculating the annuahabitat suitability score of a model cell for nesting seaside
sparrows in coastal Louisiana. The model equation ilSI= (Skx Sk x Sk)13.
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Sh = Proportion ofmodel cell covered by habitat types (Y. Habitat types other than intermediate
marsh, brackish marsh, and saline marsh are given a suitability score of 0.0.

Sh =[(1.0 X Ma) + (0.7 X \b) + (0.3 X \c)]
Where: \{a = the proportion of a model cell that is saline marsh
Vip = the proportion of a model cell that is brackish marsh
Vic = the proportion of a model cell that is intermediate marsh

Sk = Percentof model cell covered bwetland vegetation (¥). This Sl is the ratio of vegetated marsh
to nonvegetaed habitat (i.e., open waterbare ground etc.) in a model cell.

Sk = 0.0154*V 2, when \¢ <65%
0.8 1.0,whenO 65
= 0.6
§ 0.4
0.2
0

0 10 20 30 40 50 60 70 80 90 100
Percent Wetland Vegetation

Figure 23. Suitability relationship for seaside sparrow Sl 2, percent wetland.

Sk = Mean devation of marsh relative to meanannual water level (\é).

o8 Sk=0.0,whenO 0. 09 m
(5.025*V/3) 8 0.452, when 0.09< \s <0.285
z0° 1.0,when O 0. 285
% 0.4
0.2
0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Marsh Elevation (m)

Figure 24 . Suitability relationship for seaside sparrow Sl 3, marsh elevation.
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3.0 STATISTICAL -BASED MODELS

The statisticatbased HSI models for the 2023 Coastal Master Plan include those for brown shrimp
(small and large juvenile stages), white shripn(small and large juvenile stages), blue crab (juvenile
stage), gulf menhaden (juvenile and adult stages), spotted seatrout (juvenile and adult stages),
largemouth bass, and bald eagle. The 2023 fish, shrimp, and blue crab HSI models are replacements
for the 2017 versions of these models because recent data and a new modeling approach were used
in their development. The bald eagle HSI model is new for the 2023 Coastal Master Plan and was
developed by adapting a bald eagle nest probability of occurrence nebdreated by Audubon

Louisiana.

3.1 BALD EAGLE

Similar to seaside sparrow, bald eagle was included in the 2023 Coastal Master Plan HSI analyses to
increase the diversity of bird species and bird habitats represented. Bald eagles are generally
associated withpalustrine forested wetlands and typically nest in large, mature trees (Buehler, 2020);
therefore, they are considered representative of upper estuary habitat. In Louisiana, forested wetlands
are being impacted by saltwater intrusion and other stressorsnd future sea level rise is expected to
have large negative effects on these habitats and consequently bald eagle populations. Therefore, an
HSI model was developed to evaluate the effects of future landscape changes on nesting bald eagle
habitat. Detailsof bald eagle life history and HSI model development can be found in Attachment 2.

The bald eagle HSI model was based on a statistical model that relates bald eagle nest probability of
occurrence with land cover type. Nest data from coastwide aerial surseyonducted by LDWF during
the 2014-2015 breeding season were summarized by a grid of 36 khcells. This cell size was

selected following a comparison of models constructed using various estimates of nesting eagle home
ranges and core use areas (Smith etla2017; Buehler, 2020). Using 2014 land cover data, the
percent cover of nine land cover classes: agriculture, developed and upland, forested wetland, flotant
marsh, fresh marsh, intermediate marsh, brackish marsh, saline marsh, and open water was also
calculated for each 36 kn# cell. Cells with >95% open water were excluded from the analyses. The
relationship between land cover class and nest probability of occurrence across the cells was then
modeled using boosted regression trees. Because boosted regsen trees use an iterative machine
learning algorithm, each model produces slightly different results. Therefore, the analysis was run for
1,000 iterations and model parameters were averaged across all iterations. The effect of the land
cover classes omest occurrence was evaluated by calculating the relative importance of each land
cover predictor to the model. In addition, the probability of nest occurrence for each land cover class
was plotted across a range of possible percent cover values (withather land cover classes held to
their average) to visually assess the trend. The results showed that forested wetland, flotant marsh,
and open water explained the most variation in the model and had the greatest effect on nest
occurrence Figure25). Fresh marsh, intermediate marsh, and developed and upland classes had
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minor effects on nest occurrence and each explained between 1 and 3.5% of the variation.

The nesting bald eagle HSI was created using the modeled relationshiiggween probability of nest
occurrence and the six land cover classes: forested wetland, flotant marsh, fresh marsh, intermediate
marsh, open water, and developed and upland. An Sl was created for each land cover class by fitting
various functions to scadd versions of the relationships shown ifigure25. Coefficients from the best
fitting function were used to develop equations that represent the Sl for each land cover class (see
following descriptions of each Sl). For the finalSI model equation, each S| was weighted by raising
the Sl to the power of the relative importance of that land cover class. The six weighted Sls were
multiplied, then raised by the sum of the six relative importance measures to calculate a geometric
mean of the six SIs. The resulting equation is: HSI = (8104 x (Sk)°-3715 x (Sk)°04743 x (Sh)0-0330 x
(Sk)0-0353 x (S§)0-0669)0.991 The model excludes cells that are >95% open water, thus these cells are
assigned an HSI score of 0. The HSI modelapplicable for calculating the annual habitat suitability
score of a cell for adult bald eagle nesting in coastal Louisiana

Figure 25. Marginal effects of land cover classes on probability of bald eagle nest
occurrence, with  95% confidence intervals for: (A) bare ground or agriculture,
(B) brackish marsh, (C) developed or upland, (D) flotant, (E) forested wetland,

(F) fresh marsh, (G)
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